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Molecular identification and description of the tadpole of the 
Annam Flying Frog, Rhacophorus annamensis Smith, 1924 
(Anura: Rhacophoridae) 

Ralf Hendrix, Stephane Grosjean, Le Khac Quyet, Miguel Vences, 

Vu Ngoc Thanh & Thomas Ziegler 

Abstract. Based on identification through DNA barcoding we describe the tadpole morphology of the 
Annam Flying Frog, Rhacophorus annamensis. The description is based on four exotrophic larvae of 
Ortons type IV, lentic: benthic in developmental stage 41 that were collected in a karst forest stream at 
Phong Nha - Ke Bang National Park, Quang Binh Province, in central Vietnam. DNA sequences of the 
mitochondrial 16S rRNA gene obtained from the tadpoles had less than 0.6% sequence divergence to 
those of sympatric adult male frogs, making the identification unambiguous. The tadpoles, collected in a 
rock pool of the slowly moving stream, are of rather generalized morphology with a keratodont formula 
of 2:5+5/3- 

Keywords. Rhacophoridae: Rhacophorus annamensis; DNA barcoding; tadpole description; morpholo¬ 
gy; Vietnam: Quang Binh Province, Phong Nha - Ke Bang National Park. 


Introduction 

Until recently, the Annam flying frog, 
Rhacophorus annamensis Smith, 1924, was 
known only from the unique male holo- 
type from “Daban, Phan Rang, S. Annam” 
in southern Vietnam (Smith 1924, Bourret 
1942, Inger et al. 1999). The species mean¬ 
while has been reported to occur in the 
southern and central provinces of Dak Lak, 
Gia Lai, Kon Turn, Lam Dong, Ninh Thuan, 
Thua Thien-Hue, and Quang Nam (Inger 
et al. 1999, Orlov et al. 2002, Nguyen et al. 
2005, Orlov 2005). The geographic range of 
the species is still inadequately known (see 
below), and likewise reports on its natural 
history (see Orlov & Ho 2000) are rare. Ry- 
boltovsky (1999a, b) pointed to the repro¬ 
duction of the species in captivity, and these 
are to our knowledge the only papers refer¬ 
ring to the tadpole of this species. However, 
the only information given by Ryboltovsky 
(1999a, b) beside a single tadpole photograph 
is that the larvae are light grey in colour, have 
muscular tails and are about 1.5 cm long after 


having left their foam nests, and that the hind 
legs already were visible after three months, 
with a total length of about 6 cm at this stage; 
the development in the terrarium lasted up to 
four months (Ryboltovsky 1999b). 

During recent field work in central Viet¬ 
nam, Rhacophorus annamensis was recorded 
for the first time for Phong Nha - Ke Bang Na¬ 
tional Park (PNKB) in Quang Binh Province 
(Ziegler et al. 2005), representing the north¬ 
ernmost record known for the species (Figs. 
1-2). DNA sequences of some of these adult 
specimens of R. annamensis closely matched 
those of a tadpole that had also been collect¬ 
ed from PNKB nine years ago (see Ziegler & 
Herrmann 2000: 50) which led to the classi¬ 
fication of this larva as R. annamensis. Based 
on this material, we here provide a detailed 
description of the larval morphology of this 
tree frog species. 

Material and methods 

Tadpoles were fixed in 3% formalin and later 
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preserved in 70% ethanol (Figs. 3-5), and de¬ 
posited in the herpetological collection of the 
Zoologisches Forschungsmuseum Alexander 
Koenig (ZFMK), Bonn, Germany under the 
collection number ZFMK 71342. 

For a specific assignment of the four tad¬ 
poles of Rhacophorus annamensis, molecular 
data were obtained for one specimen (ZFMK 
7i342d, with partly removed tail muscle tis¬ 
sue) and compared with homologous DNA 
fragments of four syntopic adult males of R. 
annamensis. 

The adult frogs from PNKB and its north¬ 
western border area in Quang Binh Province, 
Vietnam, were recently collected by Le Khac 
Quyet and Vu Ngoc Thanh and deposited 
in the scientific collections of Phong Nha - 
Ke Bang National Park, Quang Binh Prov¬ 
ince, Vietnam (PNKB LVi, specimen from 
PNKB), of the Vietnam National University 
Hanoi (VNUH LV2, specimen from north¬ 
west to PNKB), and of the Zoologisches For¬ 
schungsmuseum Alexander Koenig (ZFMK 
82900, specimen from PNKB, and ZFMK 
82918, specimen from north-west to PNKB). 
Adult frogs were compared with the holotype 
of R. annamensis from the Natural History 
Museum, London, and determination fol¬ 
lowed Inger et al. (1999); for measurements 
see Tab. 1 and for the listing of further char¬ 
acteristic features we refer to Ziegler et al. 
(2006). 

Genomic DNA was extracted from the liv¬ 
er of the adult Rhacophorus annamensis us¬ 
ing Chelex-extraction. A fragment of the mi¬ 
tochondrial 16S rRNA gene as recommended 
for amphibian DNA barcoding by Vences et 
al. (2005a, b) of each specimen was amplified 
by 35 cycles of PCR: initial denaturation, 120 
sec. at 95 °C, 34 cycles of 30 sec. at 95 °C, 60 
sec. at 55 °C and 60 sec. at 72 °C, annealing 
temperature 55 °C. Double-stranded DNA 
was sequenced on an ABI 3770 capillary se¬ 
quencer. We obtained sequences of speci¬ 
mens ZFMK 82900, ZFMK 82918, VNUH 
LV2, and PNKB LVi, which have been depos¬ 
ited in Genbank under the accession num¬ 
bers DQ665265 - DQ665268. These sequenc¬ 


es were compared with the DNA voucher se¬ 
quence of the single tadpole (ZFMK 7i342d) 
which had been obtained previously (Gen¬ 
bank accession number AF285229; for fur¬ 
ther information and methods of DNA-ex¬ 
traction see Ziegler 2002: chapter 3.2.6, and 
Ziegler & Vences 2002). 

Terminology of the morphological tad¬ 
pole description follows Altig & McDiar- 
mid (1999a), the keratodont row formula 
is determined according to Dubois (1995). 
Terminology of the oral disk follows Altig 
(1970) and determination of the larval stages 
is set out according to Gosner (i960). Mor¬ 
phometric data and abbreviations follow to 
a large extent those of Grosjean (2001), ex¬ 
cept the additional values of TMH (height 
of tail muscle at base), TMW (width of tail 
muscle at base), BL (body length), and TAL 
(tail length) which follow Altig & McDiar- 
mid (1999a); for details we refer to Tab. 2. Be¬ 
cause the tadpole ZFMK 71342a has a some¬ 
what dented snout on the right side, respec¬ 
tive measurements are approximate values. 
All measurements were taken in millimetres 
(mm) with a digital calliper gauge. 

Results and discussion 

Four tadpoles of Rhacophorus annamensis 
in the developmental stage 41 according to 
Gosner (i960) were collected in Phong Nha 
- Ke Bang National Park, Quang Binh Prov¬ 
ince, Vietnam by T. Ziegler during field¬ 
work in early September 1998 (field number 
TZ’ 98/30). Tadpoles were collected at night 
(09:30) in a slowly flowing karst forest stream 
near a small path (surroundings of N 17°28’, 
E io6°i3’) at an altitude of about 350-500 
m above sea level (Fig. 6). The rock pool in 
which the larvae were found was partly shad¬ 
ed by vegetation; it had a maximum width 
of about 1 m and the maximum water depth 
measured ca. 15 cm. The shallow water was 
clear and the loamy to stony ground was cov¬ 
ered with leaves. It did not rain and thus was 
relatively dry for the beginning rainy season; 
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ambient air temperature was 24.6 °C at the 
collecting site and relative air humidity was 
78 %. 

The tadpole DNA sequence showed less 
than 0.6 % sequence divergence compared 
to the adult sequences of ZFMK 82900 and 
VNUH LV2 (identities: 513/516 bp) and less 
than 0.4 % divergence compared to the adult 
sequences of ZFMK 82918 and PNKB LVi 
(identities: 513/515 bp). A comparison with a 
further sequence of R. annamensis, obtained 
by Wilkinson et al. (2002) and available 
from Genbank (accession number AF458143) 
yielded similar results (identities: 492/495 bp 
of the sequence of ZFMK 82900 and VNUF 1 
LV2, respectively 492/494 bp of ZFMK 82918 
and PNKB LVi). Considering that species of 
amphibians are often characterized by rath¬ 
er strong intraspecific genetic differentia¬ 
tion (up to 4 % in the 16S gene; Vences et al. 
2005a, b), the small differences observed be¬ 
tween R. annamensis haplotypes are not sur¬ 
prising and the molecular tadpole identifica¬ 
tion is to be seen as very reliable. 

General appearance of the tadpoles in pre¬ 
servative: The tadpoles are medium-sized (TL 
= 39.37- 41.69 mm). They are generalized ex- 
otrophic tadpoles of Orton’s (1953) type IV, 
lentic: benthic (Altig & McDiarmid, 1999b) 
without obvious specializations. 


They are consistently dark pigmented 
from the snout to the tip of the tail includ¬ 
ing fins. Dorsal and dorsolateral pigmenta¬ 
tion of the body is more dense than tail pig¬ 
mentation. The body coloration varies from 
greyish brown to brown and the tail muscu¬ 
lature coloration from light brown to red¬ 
dish brown (see Fig. 3). The ventral and ven¬ 
trolateral body sides are white to yellow and 
more or less pigmented. The intestine is vis¬ 
ible through the body. For measurements see 
Tab. 2. 

The description in dorsal view is based 
on a single tadpole (ZFMK 71342c, with pro¬ 
truded right forelimb). Body somewhat el- 
liptically protracted with a slightly point¬ 
ed snout (Fig. 4A) and with widest portion 
being at midbody (body width 0.68 times 
of body length). Eyes of moderate size (eye 
diameter 0.17 times of body length), posi¬ 
tioned dorsolaterally, directed more laterally 
than anteriorly, bulging, not visible in ventral 
view. Nares small, rounded, slightly rimmed, 
positioned dorsolaterally in anterolaterally 
direction. Naris closer to snout than to pu¬ 
pil (rostro-narial distance 0.45 times of naro- 
pupilar distance). Internarial distance about 
0.49 times of interpupilar distance. Well de¬ 
veloped nasolacrimal duct from the naris to 
the anterior corner of the eye. 


Tab. 1. Measurements (in mm) of adult Rhacophorus annamensis males, including mean value and 
standard deviation (SD); abbreviations are as follows: SVL = snout vent length, HW = head width, 
IMW = inner mouth width, NST = distance from the nostril to tip of snout, ED = diameter of the eye, 
TD = diameter of the tympanum, EN = distance from the eye to the nostril, HL = length of the hand, 
FLIT = length of the foot including tarsus, KL = length of the head, TIB = length of the tibia, EST = 
distance from the eye to the snout-tip, LH = length of the hind limb, FL = length of the foot without 
tarsus, IMT = inner metatarsal tubercle. 



SVL 

HW 

IMW 

NST 

ED 

TD 

EN 

HL 

FLIT 

KL 

TIB 

EST 

LH 

FL 

IMT 

ZFMK 82900 

62.20 

21.40 

17.20 

4.40 

7.60 

3.50 

6.50 

16.30 

39.80 

20.60 

31.30 

10.30 

99.10 

25.80 

2.50 

ZFMK 82918 

59.10 

19.30 

16.40 

4.60 

7.30 

3.20 

6.40 

15.20 

37.80 

20.40 

29.90 

10.50 

91.70 

23.70 

2.60 

VNUH LV2 

54.10 

18.30 

17.00 

4.00 

6.90 

3.00 

6.00 

14.10 

35.20 

17.60 

28.70 

8.50 

89.70 

21.80 

2.10 

PNKB LVI 

59.20 

18.70 

17.00 

4.00 

6.90 

3.50 

6.20 

14.50 

37.70 

20.10 

30.40 

10.70 

93.80 

23.40 

2.10 

mean 

58.65 

19.43 

16.48 

4.23 

7.18 

3.30 

6.28 

15.03 

37.63 

19.68 

30.08 

10.00 

93.58 

23.68 

2.33 

SD 

±3.36 

±1.38 

±0.58 

±0.34 

±0.34 

±0.24 

±0.22 

±0.96 

±1.9 

±1.40 

±1.08 

±1.01 

±4.05 

±1.64 

±0.26 
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Fig. 1. Adult male Rhacophorus annamensis (ZFMK 
82900) from Phong Nha - Ke Bang National Park 
(May/June 2004). Photo: Le Khac Quyet. 


In lateral view, body slightly depressed 
(body height 0.82 times of body width), snout 
slightly rounded (Fig. 4B). Spiracle sinistral, 
ventrolaterally positioned at midbody (dis¬ 
tance from snout tip to opening of spiracle 
0.66 times of body length), conical, oriented 
in posterodorsally direction and entirely at¬ 
tached to the body. Opening of the spiracle 
oval, located on level between origin of hind 
limbs and longitudinal axis. Vent tube com¬ 
pletely reduced at this stage. Myotomes of the 
tail musculature of moderate development 
(height of tail musculature at base 0.54 times 
of maximum body height, and 0.57 times 
of maximum tail height). Tail musculature 
from the proximal to its distal half parallel, 
then gradually tapering, reaching the tip of 
the tail. Myotomes appear not to be attached 
from the distal half to the tip. Tail fin moder¬ 
ate, rounded at the end. Highest point of the 
upper hn at the last third of the tail length 
(maximum height of upper tail fin 0.32 times 
of maximum tail height). Lower fin smaller 
than dorsal fin (maximum height of lower 
tail fin 0.27 times of maximum tail height). 
Lateral line organ existent and well devel¬ 
oped on body and along the apex of the cau¬ 
dal musculature. 

Oral disk anteroventrally positioned 
(about 0.4 times of body width), of triangu¬ 
lar shape in relaxed state, of nearly trapezoi¬ 
dal shape in expanded state (see Fig. 5), and 
laterally emarginated. Oral disk framed by 
finger shaped papillae of moderate size ex¬ 
cept for a large medial gap of the upper la- 



Fig. 2. Vietnamese provinces, from which Rha¬ 
cophorus annamensis has already been reported 
(Inger et al. 1999, Orlov et al. 2002, Nguyen et 
al. 2005, Orlov 2005, Ziegler et al. 2005, 2006). 
From North to South: Quang Binh, Thua Thien- 
Hue, Quang Nam, Kon Turn, Gia Lai, Dak Lak, 
Lam Dong, and Ninh Thuan provinces; the dot 
marks the locality within the Phong Nha - Ke Bang 
National Park where the tadpoles (ZFMK 71342) 
were collected. Drawing: T. Ziegler. 

bium which is as long as the first keratodont 
row. Few small submarginal papillae situated 
laterally of the upper labium, two at each end 
of keratodont rows A2 - A4; three further at 
each end of the rows A5 - A7 in somewhat 
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Fig. 3. Lateral aspect of the preserved tadpole of 
Rhacophorus annamensis (ZFMK 71342c) from 
Phong Nha - Ke Bang. Photo: T. Ziegler. 




Fig. 4. Dorsal (A) and lateral (B) aspects of the 
preserved tadpole of Rhacophorus annamensis 
(ZFMK 71342c) from Phong Nha - Ke Bang; scale 
bar = 10 mm. Drawings: R. Hendrix. 



Fig. 5. Oral disk of the tadpole of Rhacophorus 
annamensis (ZFMK 71342c). Drawing: R. Hen¬ 
drix. 


distance to the upper submarginal papillae. 
Posterior border of the lower labium slightly 
emarginated with one additional row of sub- 



Fig. 6. Habitat of Rhacophorus annamensis in 
Phong Nha - Ke Bang National Park at daytime 
(September 1998) where the larvae were collected. 
Photo: T. Ziegler. 

marginal papillae over the length of lower 
keratodont row. Keratodont rows At and A2 
continuous, A3 divided, A4 - A7 entirely sep¬ 
arated by the upper jaw sheath. Keratodont 
rows Pi - P3 of the lower labium undivided. 
Keratodont row formula (KRF): 2:545/3. Jaw 
sheaths black, and slightly serrated. Upper 
jaw sheath narrow, and stretched into a wide 
arch. Lower jaw sheath V-shaped. 

Ten species of rhacophorid frogs are cur¬ 
rently known to occur in PNKB (Ziegler et 
al. 2004, Ohler & Delorme 2006; system- 
atics according to Frost et al. 2006): Chiro- 
mantis vittatus (Boulenger, 1887), Kurix- 
alus verrucosus (Boulenger, 1893), Poly- 
pedates megacephalus Hallowell, 1861, 
P. mutus (Smith, 1940), Rhacophorus an¬ 
namensis Smith, 1924, R. bipunctatus Ahl, 
1927, R. dennysi Blanford, 1881, R. kio Oh¬ 
ler & Delorme, 2006, R. orlovi Ziegler 
& Kohler, 2001, and Theloderma asperum 
(Boulenger, 1886). Furthermore, Orlov 
& Ho (2005) list their new species Philautus 
truongsonensis as occurring in Phong Nha - 
Ke Bang National Park, but this record was 
based on a photograph only. Ziegler et al. 
(2006) report of a single female Philautus 
specimen from Minh Hoa district in Quang 
Binh Province adjacent to Phong Nha - Ke 
Bang National Park, that was provisionally 
(because male sexual characters could not be 
taken into consideration) allocated to Philau¬ 
tus cf. jinxiuensis Hu, 1978. 
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Tadpoles of the genus Rhacophorus are 
morphologically uniform (Inger 1966, 1985, 
Chou & Lin 1997, Grosjean 2004). However, 
some species of Rhacophorus possess an un¬ 
interrupted row of marginal papillae on the 
lower labium whereas others show a short 
medial gap. The larva of R. annamensis be¬ 
longs to the first group. It also possesses two 
uninterrupted rows of keratodonts on the 
upper labium, a feature shared only by R. au- 
rantiventris from Taiwan (Chou & Lin 1997), 
and R. pardalis from Borneo, Indonesia (In¬ 
ger 1966, 1985) and Negros Island, Philip¬ 
pine (Alcala, 1962). The high number (sev¬ 
en) of keratodont rows of the upper labium 
in R. annamensis is also striking. In most oth¬ 
er Rhacophorus species these otherwise oc¬ 
cur in six rows ( Rhacophorus sp. [Grosjean 
2004], R. bipunctatus [Bourret 1942, Gros¬ 
jean unpublished data], R. dulitensis [Inger 
1966, 1985], R. margaritifer [van Kampen 
1909,1923 under the name R. javanus], R. ni- 
gropalmatus [van Kampen 1923, Inger 1966] 
and R. prominanus [Berry 1972]) or four or 


five rows (Chou & Lin 1997, Altig & McDi- 
armid 1999b: 333, Grosjean 2004). The high 
number of keratodont rows observed on the 
upper labium of R. annamensis is shared by 
the tadpoles of R. monticola (van Kampen 
1923) andP. nigropalmatus (Berry 1972), and 
maybe by other species of the nigropalmatus 
group (including R. nigropalmatus, R. promi¬ 
nanus, R. kio and R. reinwardtii) (Grandi- 
son 1972). 

The tadpole of Rhacophorus annamensis 
can be distinguished from the other Rhaco¬ 
phorus tadpoles from PNKB whose tadpoles 
are known, by its keratodont formula (215+5/3 
versus 1:4+4/1+112 in R. dennysi from China 
[Pope 1931]; U4+4/3 in R. kio from Thailand 
[Grosjean unpublished data]; i:5+5/i+i:2 in 
R. bipunctatus from Thailand [Grosjean un¬ 
published data]). 

The uncertainties surrounding some of 
the above mentioned records exemplify that 
further research concerning rhacophorid 
taxonomy as well as ecology is still required. 
For example, the reproductive ecology and 


Tab. 2. Measurements (in mm) of Rhacophorus annamensis larvae, including mean value and standard 
deviation (SD); abbreviations after Grosjean (2001) and Altig & McDiarmid (1999a): BH = maximum 
body height, BL = body length, BW = maximum body width, ED = maximum diameter of eye, HT = 
maximum tail height, LF = maximum height of the lower tail fin, NN = internarial distance, NP = naro- 
pupilar distance, ODW = oral disk width, PP = interpupilar distance, RN = rostro-narial distance, SS = 
distance from the tip of snout to opening of spiracle, SU = distance from the tip of snout to insertion of 
upper tail fin, TL = total length, UF = maximum height of the upper tail fin, TAL = tail length, TMH = 
height of the tail musculature at base, TMW = width of the tail musculature at base. 



BH 

BL 

BW 

ED 

HT 

LF 

NN 

NP 

ODW 

ZFMK 71342a 

7.62 

13.08 

9.04 

2.21 

7.15 

2.11 

2.11 

2.44 

3.81 

ZFMK 71342b 

6.87 

13.13 

9.06 

2.11 

7.22 

2.21 

2.08 

3.16 

3.90 

ZFMK 71342c 

7.64 

13.47 

9.28 

2.12 

7.33 

1.97 

2.24 

2.83 

3.88 

ZFMK 71342d 

6.66 

13.18 

8.09 

1.94 

6.71 

1.75 

2.23 

2.57 

3.41 

mean 

7.20 

13.22 

8.87 

2.10 

7.10 

2.01 

2.17 

2.75 

3.75 

SD 

±0.51 

±0.17 

±0.53 

±0.11 

±0.27 

±0.20 

±0.08 

±0.32 

±0.23 


PP 

RN 

SS 

SU 

TL 

UF 

TAL 

TMH 

TMW 

ZFMK 71342a 

5.57 

1.08 

7.73 

11.63 

41.14 

2.52 

28.06 

3.96 

3.54 

ZFMK 71342b 

5.78 

1.39 

8.49 

12.03 

39.78 

2.52 

26.65 

4.19 

3.66 

ZFMK 71342c 

5.73 

1.27 

8.87 

12.43 

43.27 

2.35 

29.80 

4.17 

3.86 

ZFMK 71342d 

5.43 

1.12 

8.76 

11.86 

40.68 

2.07 

27.50 

4.03 

2.90 

mean 

5.63 

1.29 

8.46 

11.99 

41.22 

2.37 

28.00 

4.09 

3.49 

SD 

±0.16 

±0.23 

±0.51 

±0.34 

±1.48 

±0.21 

±1.33 

±0.11 

±0.41 
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larval morphology of Rhacophorus orlovi is 
still unknown since its scientific description 
six years ago (Ziegler & Kohler 2001). The 
recent larval description of Kurixalus ver¬ 
rucosus from central Vietnam (Ziegler & 
Vences 2002) and the results of the present 
study show that molecular analyses can help 
to shed light upon the actual systematic re¬ 
lationships of frogs and affiliated tadpoles. 
DNA sequences, if deposited in public da¬ 
tabases, provide unambiguous means to as¬ 
sign the larvae to adult stages, even after tax¬ 
onomic redefinitions and rearrangements. 
They therefore provide substantial contribu¬ 
tions to future works on larval morphology 
and ecology in amphibians. Facing the glo¬ 
bal amphibian extinction crisis, standardized 
collection of DNA sequences in approaches of 
DNA barcoding (Hebert et al. 2003, Savol- 
ainen et al. 2005), and in conjunction with 
thorough morphological descriptive analy¬ 
ses, can be the key to more reliable knowl¬ 
edge on the distribution areas, geographical 
variation, reproductive diversity and larval 
ecology of these organisms. 
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